Detailed studies in polycythaemia vera (Berk, Burchinal, Wood, and Castle, 1948; Wasserman, Dobson, and Lawrence, 1949; Schwartz and Stats, 1949) have failed to show any abnormality which might support the theory that the disorder is due to anoxaemia, and there is a large measure of agreement that the condition results from a primary hyperplasia of the haemopoietic tissue of the body. Treatment has therefore been mainly directed at reducing this excessive activity, and radio-phosphorus has now become widely accepted (Lawrence, Berlin, and Huff, 1953) as a highly effective therapeutic agent. While there are numerous morphological studies (Lawrence et al., 1953) on the effect of radio-phosphorus upon the bone marrow and formed elements of the blood, there are no observations, as far as we are aware, on the effect of this form of radiation on the functional capacity of the red cell. We report here alterations in the affinity of haemoglobin for oxygen in patients with polycythaemia vera after the administration of radio-phosphorus.
Material and Methods
Six patients with polycythaemia vera were studied. The details of the cases are given in the accompanying table. In the two cases most intensively investigated (Cases 1 and 2) the circulating blood mass was reduced by repeated venesections before the administration of radiophosphorus (P32). In these cases the preliminary curves were also obtained in the two patients (Cases 4 and 5) to whom a dose of radio-phosphorus had been given several months before the present study.
In contrast to these findings, the oxygen dissociation curves were abnormal in Cases 1 and 2 one to two months after the administration of 6 millicuries of radio-phosphorus. A similarly abnormal curve was also obtained two months after the administration of 6 millicuries of radiophosphorus in Case 3; unfortunately, in this case, a curve was not performed before radio-phosphorus was given. The curves obtained in these three cases, during the one to two months after radio-phosphorus therapy, crossed the normal curve at approximately 30 mm. Hg partial pressure of oxygen, the upper part of the curve being lower than normal and the lower part higher than normal. Oxygen dissociation curves performed in these patients more than two months after radio-phosphorus therapy were normal.
In Case 6, only a small dose, 3 millicuries, of radio-phosphorus was given; no alteration in the oxygen dissociation curve was observed during the subsequent two months.
It will be seen from the table that a satisfactory therapeutic depression of the red cell level followed radio-phosphorus therapy in Cases 2, 3, 4, and 5. Discussion Our results show that in three cases of polycythaemia vera which received 6 millicuries of radio-phosphorus the oxygen dissociation curve was temporarily altered, the change being evident in the period between one and two months after radio-phosphorus. No alteration was noted during this period in the patient who received 3 millicuries of radio-phosphorus or in the two cases in which blood gas studies were performed for the first time several months after radiophosphorus.
The alteration of the oxygen dissociation curve observed was not the parallel alteration in position, which we have observed on numerous occasions (Valtis and Kennedy, 1954) , resulting from changes in pH or electrolytes (Barcroft, 1928) , from alterations in the water content of the red cell (Henderson, 1928), or from anaemia (Richards and Strauss, 1927) . The fundamental work of Barcroft suggests that changes in the shape of the curve, of the type that we have observed, indicate that there is some alteration in the basic elements of haemoglobin.
The fact that the alteration of the oxygen dissociation curve is not present until some weeks after the administration of radio-phosphorus suggests that it may be related in some way to internal radiation from radio-phosphorus on the red cell precursors in the bone marrow. The therapeutic activity of radio-phosphorus, in the form Na2HPO4, appears to be due to its synthesis into important cell constituents, including ribo-and thymo-nucleic acids of multiplying cells (Mitchell, 1951) , and the importance of these substances in the metabolism of factors necessary for red cell maturation is also well known (Vilter, Horrigan, Mueller, Jarrold, Vilter, Hawkins, and Seaman, 1950) . It is conceivable that as a result of this action there is some alteration in the synthesis of haemoglobin in the red cells produced under the influence of internal radiation which could be responsible for the abnormality we have observed.
It is interesting to speculate whether the effect on the oxygen dissociation curve is peculiar to the radiation produced by radio-phosphorus, or whether it would also be produced by x-ray radiation, particularly of the skeleton. As far as we are aware, there are no studies which have been published in this field.
It is unlikely that the sulphur products resulting from the decay of radio-phosphorus are the cause of the alterations in the oxygen dissociation curve -since the quantities involved are very small and, moreover, 50 % of the administered radio-phosphorus is excreted or decayed within 14 days: after six weeks only about 10% of the substance remains (Hevesy, 1948) .
As a result of the alteration in the oxygen dissociation curve which we have demonstrated, the blood of the patient will, for a period, take up oxygen less readily in the lungs and release oxygen less readily to the tissues. The magnitude of the changes is not sufficient, however, to affect significantly the oxygenation of the tissues, particularly if, as in the patients we have studied, the haemoglobin level is normal or even above normal.
Summary
The oxygen transport by the blood in polycythaemia vera has been studied before and after the administration of radio-phosphorus. A temporary alteration, apparent between one and two months after radio-phosphorus, in the oxygen dissociation curve was observed; the affinity of haemoglobin for oxygen at high oxygen partial pressures (greater than 60 mm. Hg) was decreased and the affinity at low oxygen partial pressures (less than 40 mm. Hg) was increased. These changes indicate a reduced saturation of haemoglobin with oxygen in the lungs and a reduced release of oxygen to the tissues.
The causation of the changes is briefly discussed.
